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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to communication
between user equipment devices and base stations in a
cellular network.

BACKGROUND OF THE INVENTION

[0002] This section introduces aspects that may be
helpful in facilitating a better understanding of the inven-
tion. Accordingly, the statements of this section are to be
read in this light and are not to be understood as admis-
sion about what is in the prior art.

[0003] Inenhanced4G wireless systemsand especial-
ly in future 5G wireless systems, a large number of de-
vices, e.g. user equipment devices (UE), will be present
in the coverage area of a base station, e.g. an eNodeB.
For scenarios known by the paradigm "Internet of
Things", it is predicted that a factor of 10 times to 100
times machines/sensors per user will be deployed up to
2020. Several applications for such machines will require
nation-wide coverage and easy access to the internet.
In the light of that, 3GPP has started up efforts on the
extension of LTE for example for supporting machine
transmission modes.

[0004] In the internet of things, a lot of small machine
type communication devices are present and request ac-
cess to the network sporadically. These user equipment
devices have to be connected to the network in an energy
efficient and fair way. Slotted Aloha is a classical tech-
nology for contention-based access. The capabilities of
modern receivers allow for so-called multi packet recep-
tion (MPR). MPR receivers can receive packets of mul-
tiple users correctly by multiuser detection techniques,
like interference-cancellation and linear MMSE receiv-
ers. Such multi-antenna and/or multi-code system use
e.g. direct-sequence code division multiple access (DS-
CDMA) signal formats.

[0005] While slotted Aloha with MPR is a promising
approach for machine type communication, e.g. with DS-
CDMA, there are disadvantages in terms of fairness of
throughput and energy efficiency for a subset of user
equipment devices.

[0006] Inscenarios where user equipment devices are
distributed over certain cell areas (e.g. macro or micro
cells), larger dynamic ranges of receive signal powers
are occurring due to the near-far-effect.

[0007] In simulations it is observed that a certain per-
centage of user equipment devices, e.g. 20%, have a
very large number of retransmissions and have a large
delay for successful reception. Those user equipment
devices have difficulties to get a fair access into the sys-
tem. Under the paradigm of the internet of things, these
user equipment devices are not mobile and will not be
located in locations with better transmission conditions
over time.
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[0008] The large number of retransmissions costs a lot
of battery power for those devices and also results in
poor throughputs.

SUMMARY OF THE INVENTION

[0009] It is an object of the invention to provide a so-
lution for the above mentioned problems and to enhance
throughput and save battery power in the above de-
scribed scenario.

[0010] The present invention concerns a method for
transmitting data from a user equipment device to a base
station in a wireless communication system. The data
transmission is done in a frame structure comprising at
least one regular frame and at least one reserved frame.
In the user equipment device, disadvantageous trans-
mission conditions are determined by checking the trans-
mission link between the base station and the user equip-
ment device. A disadvantageous transmission condition
is present if a certain user equipment device has difficul-
ties to transmit data to the base station, e.g. has a higher
bit error rate than other user equipment devices or high
packet losses. If no disadvantageous transmission con-
ditionis determined, the user equipment device transmits
data in a regular frame. If such disadvantageous trans-
mission conditions are determined, the user equipment
device transmits data in a reserved frame. The reserved
frame is a specific transmission frame dedicated to such
disadvantageous devices to enhance their chances to
successfully transmit data. This way, disadvantageous
devices, which have worse transmission conditions, e.g.
because of their physical location in a cell, are preferred
by the system to be able to contribute to the overall sys-
tem. This has the advantage that almost all devices in a
cell may transmit data and are used and the devices are
not disregarded because their transmission conditions
are worse than the ones of other devices. Only devices
with a certain distance to the base station or devices from
which only low power signals are received at the base
station are transmitting during the reserved frame time.
Thus residual interference from practical interference
cancellation receivers is relatively smaller. Practical re-
ceiver output performance depends on the impact of
channel estimation. With realistic channel estimation, the
interference cancellation leaves residual errors in the re-
maining signal. These errors are important when the dy-
namic range of the different user equipment devices is
large, as then disadvantageous user equipment devices
especially suffer in terms of packet error rate perform-
ance.

[0011] In one embodiment, disadvantageous trans-
mission conditions are determined if a signal received
from the base station is below a threshold. Thus, the
transmission conditions between the base station and
the user equipment device are tested directly and the
connection quality is estimated this way. The base station
transmits a test signal known to the user equipment de-
vice in advance, e.g. pilot, reference or training symbols.
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The user equipment device then by receiving and eval-
uating this signal decides if it is below a threshold, e.g.
by estimating the receive power level of the serving cell.
Further, also the receive power level of neighbor cells
may be estimated and the relative power level difference
may be used as a performance metric. In case the power
level of the received signal is below the threshold, the
user equipment device defines itself as a disadvanta-
geous device. This way, system overhead for realizing
the method is kept low, as no additional signaling ex-
change between base station and user equipment device
is required to enable the user equipment device to decide
that it is a disadvantageous device.

[0012] In one embodiment, disadvantageous trans-
mission conditions are determined if a number of unsuc-
cessful transmission attempts have been made within a
predefined time. The user equipment device determines
that transmitting data is difficult by counting a certain
number of unsuccessful attempts, e.g. automated repeat
request (ARQ) retransmissions and then defines itself as
disadvantageous device.

[0013] In one embodiment, if a user equipment device
has determined that it is a disadvantageous device, the
user equipment device requests access to the reserved
frames. In one embodiment, this is done via a request
on an uplink control channel. Such a request may contain
additional information, e.g. the number of unsuccessful
attempts, the signal strength of the test signals received
from the base station, importance of the data to be sent,
remaining energy level of the user equipment device.
This has the advantage that the base station may prior-
itize the request according to the additional information
received from the user equipment devices, if multiple us-
er equipment devices send such requests.

[0014] Inoneembodiment, parameters for determining
disadvantageous transmission conditions are broadcast
by the base station. Such parameters may be the number
of times a user equipment device may try to attempt the
network unsuccessfully within a certain time until it de-
termines itself as a disadvantageous device. Further,
such parameter may be the signal strength of the test
signal received from the base station to determine that
the user equipment device is a disadvantageous device.
By broadcasting such parameters when setting up the
system or on aregular basis, the user equipment devices
theirselves have enough information to make a dedicated
decision whether they are disadvantageous devices and
are candidates as reserved frame users.

[0015] In one embodiment, the reserved frames are
frames with a lower packet error rate than other frames.
In one embodiment, the lower packet error rate is
achieved in that the reserved frames are longer than oth-
er frames. The solution of longer frame duration is anal-
ogous to boosting the power of disadvantageous devic-
es. Nevertheless the power range of very cheap devices
is very limited, and on top of that, the battery lifetime is
very critical. Therefore, enhancing the frame duration is
advantageous compared to power control solutions. Fur-

10

15

20

25

30

35

40

45

50

55

ther, this has the advantage of reduced dynamic range
of receive signal power levels during the reserved frame
period. In one embodiment, in which code division mul-
tiple access (CDMA) is used, the longer frame duration
corresponds to a higher spreading factor, which increas-
es the spreading gain of the user and thus reduces the
packet error rate.

[0016] Inoneembodiment, a multi-carrier transmission
system is used. A multi-carrier transmission system pro-
vides differentiation in time and frequency space and
transmission is realized via subcarriers and groups of
subcarriers, the physical resource blocks. Thus, by re-
serving such physical resource blocks for disadvanta-
geous users, a set of subcarriers are dedicated to such
users and the rest of the radio resource is used by other
users. A multi-carrier transmission system may be
OFDM, multi-carrier CDMA, filter bank based multi-car-
rier (FBMC), IOTA-OFDM or any kind of multi-carrier
modulation signal format with CDMA or spreading on top.
In this context, the term frame is to be understood as a
realization of a multiple access resource in the time, fre-
quency and code dimension.

[0017] In one embodiment, random access based
transmission is used. A frame structure is provided for
transmitting data via a slotted ALOHA protocol. At least
one first time slot comprising a regular frame is provided
for transmission of data of user equipment devices which
are not disadvantageous. Further, at least one second
time slot comprising a reserved frame is provided for
transmission of data of user equipment devices which
are disadvantageous.

[0018] According to one aspect of the invention, a
method for receiving data by a base station in a wireless
transmission system is proposed. A data stream origi-
nating from a user equipmentdevice is received ata base
station. The data stream contains multiple frames, e.g.
in a multi-carrier transmission system the data stream
contains a set of subcarriers in the form of physical re-
source blocks. The frame structure comprises at least
one regular frame and at least one reserved frame. In
one step, it is determined if the received data stream
contains data in a reserved frame originating from devic-
es with disadvantageous transmission conditions. If the
received data stream contains data in a reserved frame,
the data in the reserved frame is processed. Processing
of the data received in the reserved frame may be like
processing any other data or there may be specific con-
straints e.g. because the reserved frames have another
frame duration or the error coding in the reserved frame
may be different or the like.

[0019] In one embodiment, the method for receiving
data further receives a request by a user equipment de-
vice for allowance to access reserved frames. In re-
sponse, allowance for using/accessing the reserved
frames is granted if the conditions are fulfilled and the
corresponding information is submitted. The conditions
for granting access toreserved frames are fulfilled in case
the user equipment device is really a disadvantageous
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device. Conditions in which case the base station as-
sumes that the user equipment device is a disadvanta-
geous device are, e.g. the number of unsuccessful at-
tempts, the signal strength of the test signals received
from the base station, importance of the data to be sent,
remaining energy level of the user equipment device or
the like. The user equipment devices compare their re-
spective values for these conditions with given parame-
ters and decide theirselves if they are disadvantageous
devices. In one embodiment, the corresponding param-
eters are broadcast by the base station when initiating a
cell or on a regular basis.

[0020] According to one aspect of the invention, a de-
vice for transmitting data according the above described
methods is proposed. The device comprises a transmis-
sion condition controller for determining disadvanta-
geous transmission conditions. Further, the device com-
prises decision means for deciding to transmit data in a
reserved frame of a frame structure comprising at least
one regular frame and at least one reserved frame if dis-
advantageous transmission conditions are determined.
Further, the device comprises a transmitter for transmit-
ting data in a reserved frame.

[0021] Accordingtoone aspectoftheinvention,abase
station for performing the above described methods is
proposed. The base station comprises at least a receiver
for receiving a data stream. Further, the base station
comprises a data controller for determining if the received
data stream contains data in reserved frames of a frame
structure comprising at least one regular frame and at
least one reserved frame. Further, the device comprises
a processor for processing the data received in the re-
served frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Some embodiments of apparatus and methods
in accordance with embodiments of the presentinvention
are now described, by way of examples only, and with
reference to the accompanying drawings, in which:

Fig. 1 shows a machine type communication sce-
nario

Fig. 2 shows the delay for successful reception in an
exemplary machine type scenario

Fig. 3 shows the number of retransmission attempts
for successful reception in an exemplary machine

type scenario

Fig. 4 shows a frame structure according to the in-
vention including reserved frames

Fig. 5 schematically illustrates the inventive method
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DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0023] The description and drawings merely illustrate
the principles of the invention. It will thus be appreciated
that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or
shown herein, embody the principles of the invention and
are included within its spirit and scope. Furthermore, all
examples recited herein are principally intended ex-
pressly to be only for pedagogical purposes to aid the
reader in understanding the principles of the invention
and the concepts contributed by the inventors to further-
ing the art, and are to be construed as being without
limitation to such specifically recited examples and con-
ditions. Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the invention, as well
as specific examples thereof, are intended to encompass
equivalents thereof.

[0024] Fig. 1 shows a machine type communication
scenario according to a preferred embodiment, compris-
ing a first device, e.g. a base station 10 in a 4G wireless
system or a 5G wireless system, and associated user
equipment devices 12, 14, e.g. sensor devices or the like.
The term user equipment device 12, 14 is to be under-
stood to cover sensor devices in a sensor network, other
known user equipmentdevices like mobile phones, which
might transmit and receive data with or without the inter-
action of a human being and other fixed installed or mo-
bile communication devices able to transmit and receive
data. The user equipment devices 12, 14 and the base
station 10 are located within the communication range
of these devices and communication is performed via a
transmission channel 16, which is e.g. a wireless trans-
mission channel. A multi-carrier system is used for com-
munication between the base station 10 and the user
equipment devices 12, 14, e.g. an OFDM, SC-FDMA or
FBMC system with resource allocation in transmission
time intervals and frequency resources.

[0025] Inscenarios where devices are distributed over
certain cell areas (e.g. macro or micro cells), larger dy-
namic ranges of receive signal powers are occurring due
to the near-far-effect. Some user equipment devices
within the cell coverage of a base station 10 are consid-
ered as disadvantageous user equipment devices 14.
Because of obstacles 18 blocking the direct wireless con-
nection between a disadvantageous user equipment de-
vice 14 and a base station 10 or because the disadvan-
tageous user equipment device 14 is relatively far away
from the base station at the edge of a wireless cell, these
user equipment devices 14 have difficulties in transmit-
ting data without the need of many retransmission.
[0026] Fig. 2 discloses a simulation of an exemplary
scenario, showing that a certain percentage of disadvan-
tageous user equipment devices 14, e.g. 20%, have a
large number of retransmissions. This results in a large
delay for successful reception, which is disclosed in Fig.
3. Those disadvantageous user equipment devices 14
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have difficulties to get a fair access into the system. The
reason is e.g. the residual interference from non-ideal
interference cancellation of a real multi packet reception
with real channel estimation. If the receiver uses succes-
sive interference cancellation (SIC), errors in the residual
signal occur when cancelling out the devices with strong
receive signals from the superimposed receive signal.
This is due to inaccuracies in channel knowledge. In SIC,
weakest devices are detected last. The accumulated er-
rors from the previously cancelled devices increase the
probability that the packets are not correctly decoded.

[0027] Fig. 4 discloses aframe structure, a superframe
40 for communication between a base station 10 and a
user equipment device 12, 14 via a wireless communi-
cation link 16. The frame structure 40 includes an uplink
control frame 42, regular frames 44 and a reserved frame
46 dedicated to disadvantageous user equipment devic-
es 14, which have according to their geographical loca-
tion in the cell or for any other reasons difficulties to com-
municate with the base station 10. These difficulties may
appear in a high bit error rate for these user equipment
devices 14 and/or a large number of retransmissions be-
fore a transmission will have been successfully finished.
Only the disadvantageous user equipment devices 14
are allowed to access or at least are preferred in access-
ing the reserved frame 46. In one embodiment, also mul-
tiple reserved frames 46 may be provided in a superframe
40. The superframe 40 disclosed in Fig. 4 is used e.g. in
a slotted ALOHA CDMA system. The time slots are de-
fined for random access based transmission of data and
are used as uplink control frame 42, regular frames 44
or reserved frames 46. In one embodiment, the reserved
frame 46 has a longer duration than the other frames, e.
g. twice as long as a regular frame as depicted in Fig. 4.
[0028] Fig. 5 illustrates a method for transmitting data
in a system using reserved frames 46 for disadvanta-
geous user equipment devices 14. In step 50, a user
equipment device 12, 14 transmits its data and ID to the
base station 10 within a timeslot of a regular frame 44
when a communication should be performed. In step 51,
the user equipment device checks if an acknowledge-
ment (ACK) is received from the base station 10. If an
ACK is received, the transmission is completed and the
method terminates in step 52. If no ACK is received, the
user equipmentdevice 12, 14 checks how many attempts
have been made so far to transmit the data, and if the
number of attempts is lower than a predefined number,
the user equipment device 12, 14 increases the number
of unsuccessful attempts by one and goes back to step
50 in order to transmit the data and ID again. The re-
transmission may take place a predefined time or a ran-
domly defined time after the previous attempt. If the
number of transmission attempts exceeds the predefined
number, the user equipment device 14 decides to be a
disadvantageous user equipment device 14. Then, in
step 53 a request for transmission in a reserved frame
46 is sent to the base station via the uplink control frame
42. In one embodiment, the uplink control channel on
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which the uplink control frames 42 are transmitted has
extended duration in order to allow efficient communica-
tion from the disadvantageous user equipment devices
14. The base station 10 then decides about the request
and the user equipment device 14 receives in step 54 an
acknowledgement from the base station 10 for sending
data in the reserved frames 46. In one embodiment, the
acknowledgment is transmitted with optional extra con-
figurations for disadvantageous user equipment devices
14. A downlink control channel may be used here. In step
55, the user disadvantageous user equipment device 14
transmits its data in the reserved frame 46.

[0029] In one embodiment, the step 53 of requesting
transmission in a reserved frame 46 and the step 54 for
receiving an acknowledgment for transmission in a re-
served frame 46 are omitted. Instead, the disadvanta-
geous user equipment device 14 whose transmission at-
tempts exceeds a predefined number accesses the re-
served frame 46 without a special uplink request to the
base station. Instead, it received repeatedly information
regarding the reserved frame 46 communication or has
this information stored. The control information may con-
tain but is not limited to the predefined number of failed
attempts until the machine can access the reserved
frames 46, and further configurations for accessing the
reserved frames 46, such as contention probability and
maximum retransmissions. The information is evaluated
instep 56, and then the disadvantageous user equipment
device 14 just sends the data in the reserved frame 46
in step 55. Thus, control information transmitted over the
network is reduced.

[0030] Inoneembodiment, multi-carrier CDMA is used
and a set of subcarriers (physical resource blocks) is re-
served for the disadvantageous user equipment devices
14. The rest of the band may be used by the other user
equipment devices 12, which are not necessarily ma-
chine to machine communication devices. Different
codes and subcarriers may be used for the reserved
frames 46.

[0031] While multi-carrier CDMA may be understood
in the art as OFDM with additional spreading on top of
the OFDM resource elements, within the scope of this
disclosure with the expression multi-carrier CDMA is to
be interpreted more general, e.g. as a combination of
CDMA/spreading with any kind of multi-carrier modula-
tion signal format, like FBMC (filter bank based multi-
carrier) or IOTA-OFDM.

[0032] The functions of the various elements shown in
the Figures, including any functional blocks, may be pro-
vided through the use of dedicated hardware as well as
hardware capable of executing software in association
with appropriate software. When provided by a proces-
sor, the functions may be provided by a single dedicated
processor, by a single shared processor, or by a plurality
of individual processors, some of which may be shared.
Moreover, the functions may be provided, without limita-
tion, by digital signal processor (DSP) hardware, network
processor, application specific integrated circuit (ASIC),
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field programmable gate array (FPGA), read only mem-
ory (ROM) for storing software, random access memory
(RAM), and non volatile storage. Other hardware, con-
ventional and/or custom, may also be included.

Claims

1. Method for transmitting data in a frame structure (40)
comprising at least one regular frame (44) and at
least one reserved frame (46), the method compris-
ing the steps of:

- determining (51) disadvantageous transmis-
sion conditions,

- if no disadvantageous transmission condition
is determined, transmitting (50) data in aregular
frame (44) within the frame structure (40), and
-ifdisadvantageous transmission conditions are
determined, transmitting (55) data in a reserved
frame (46) within the frame structure (40).

2. Method for transmitting data according to claim 1,
wherein disadvantageous transmission conditions
are determined if a signal received from the base
station is below a threshold.

3. Method for transmitting data according to claim 1 or
2, wherein disadvantageous transmission condi-
tions are determined (51) if a number of unsuccessful
transmission attempts have been made within a pre-
defined time.

4. Method for transmitting data according to one of
claims 1 to 3, wherein transmitting data in the re-
served frame further includes:

- requesting (55) access to the reserved frames
(46).

5. Method for transmitting data according to of claim 4,
wherein a request (55) for accessing the reserved
frames (46) is sent on an uplink control channel (42).

6. Method for transmitting data according to one of
claims 1 to 5, wherein parameters for determining
disadvantageous transmission conditions are
broadcast.

7. Method for transmitting data according to one of
claims 1 to 6, wherein the reserved frames (46) have
lower packet error rate than other frames (44).

8. Method for transmitting data according to one of
claims 1 to 7, wherein the reserved frames (46) are

longer than other frames (44).

9. Method for transmitting data according to one of
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10.

1.

12.

13.

14.

15.

claims 1 to 8, wherein a multi-carrier transmission
system is used and the reserved frames (46) are a
set of physical resource blocks.

Method for transmitting data according to one of
claims 1 to 9, wherein a slotted ALOHA protocol for
random access based transmission is used and at
least one first time slot is provided for transmitting
data of user equipment devices which are not dis-
advantageous (12) inregular frames (44) and atleast
one second time slotis provided for transmitting data
of user equipment devices which are disadvanta-
geous (14) in reserved frames (46).

Method for receiving data, comprising the steps of:

- receiving a data stream in a frame structure
(40) comprising at least one regular frame (44)
and at least one reserved frame (46),

- determining if the received data stream con-
tains data from devices with disadvantageous
transmission conditions in a reserved frame
(46), and if so,

- processing the data received in the reserved
frame (46).

Method for receiving data according to claim 11, fur-
ther comprising the step of:

- receiving a request for accessing reserved
frames (46) by a user equipment device (14),
and

- granting access to the reserved frames (46) if
the conditions are fulfilled.

Method for receiving data according to claim 11 or
12, further comprising the step of:

- broadcasting parameters for determining dis-
advantageous transmission conditions.

Device for transmitting data, comprising:

- a transmission condition controller for deter-
mining disadvantageous transmission condi-
tions,

- a decision means for deciding to transmit data
in areserved frame (46) of a frame structure (40)
comprising at least one regular frame (44) and
at least one reserved frame (46) if disadvanta-
geous transmission conditions are determined,
and

- a transmitter for transmitting data in areserved
frame (46).

A base station, comprising:

- a receiver for receiving a data stream,
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- a data controller for determining if the received
data stream contains data in reserved frames
(46) of aframe structure (40) comprising at least
one regular frame (44) and atleast one reserved
frame (46), and

- a processor for processing the data received
in the reserved frame (46).
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